Introduction {#S0001}
============

Glioma is the most common primary intracerebral tumor.[@CIT0001] According to the World Health Organization (WHO) classification, it can be divided into four histopathological grades (ie, WHO grade I, II, III, and IV).[@CIT0002] We generally define WHO grade I--II tumor as low-grade glioma (LGG), and grade III--IV as high-grade glioma (HGG). Numerous studies have proved that glioma is associated with high recurrence rate and poor prognosis.[@CIT0003] Additionally, high-grade glioma patients have worse prognosis than low-grade glioma patients, especially for glioblastoma patients, in which people older than 65 years have a 2-year survival probability of less than 5%.[@CIT0004] The prognosis of glioma patients directly determines the quality of their life and treatment plans.[@CIT0005] At present, the WHO classification still plays an irreplaceable role in predicting the prognosis of gliomas. In recent years however, researchers have paid more attention to other auxiliary molecular predictive indicators, such as isocitrate dehydrogenase (IDH) and O-6-methylguanine-DNA-methyltransferase (MGMT).[@CIT0006]--[@CIT0009] However, these indicators can only be obtained postoperatively. Preoperative peripheral blood examination; which has the merits of easy accessibility and low cost, predicts the prognosis of many tumors, such as lung cancer[@CIT0010] and Laryngeal squamous cell carcinoma.[@CIT0011] The peripheral blood biomarkers also play an essential role in the emergence and growth of glioma. For the past few years, there have been many reports of peripheral blood cells, such as lymphocytes and neutrophils, affecting the prognosis of gliomas.[@CIT0012],[@CIT0013]

Eosinophils are innate immune cells that have outstanding performance in both atopic diseases and allergic reactions. They are also proven to be associated with the prognosis of some solid tumors.[@CIT0014],[@CIT0015] The relationship between eosinophils and glioma prognosis has however been scarcely reported. Some studies have combined biomarkers to improve the prognostic value of malignant tumors, such as F-NLR, which combines fibrinogen and neutrophil/lymphocyte ratio.[@CIT0016],[@CIT0017] Thus, we designed a novel prognostic indicator named ENS, which combines eosinophil and neutrophil/lymphocyte ratio to improve predictive power. Nomograms are universal in the field of oncology for calculating the individual prognosis of different cancers. This study introduces a novel scoring tool (ENS) that, when combined with other clinical factors, can compose a nomogram to predict the 3- and 5-year OS for postoperative glioma patients.

Materials and Methods {#S0002}
=====================

Patients {#S0002-S2001}
--------

A total of 217 glioma patients from the Department of Neurosurgery, General Hospital of Ningxia Medical University were included in our study. These patients underwent surgery between January 2011 and March 2017 and had a histological diagnosis of glioma according to the WHO 2007 classification. The inclusion criteria were as follows: (1) Complete clinical data and routine blood examination before operation. (2) Gross total tumor resection. The exclusion criteria were as follows: (1) The tumor was a recurrent glioma. (2) Patients received chemoradiotherapy before surgery. (3) Patients received steroids and other immune modulating treatments. (4) Patients with hemopathy, infectious diseases, or immune system disorders. (5) The patients have other systemic tumors. (6) The patients died in the hospital during the perioperative period. (7) Patients declined followed up. According to the above criteria, we followed up patients by phone semiannually. The last follow-up date was on 1st, March, 2020. We defined OS as the duration of time from the date of reaching the definitive diagnosis to death.

We collected clinical parameters of patients including sex, age, tumor size, tumor WHO grade (I/II/III/IV), Karnofsky performance status (KPS), preoperative eosinophils count, neutrophil count, lymphocyte count, and postoperative adjuvant chemoradiotherapy.

ENS Definition {#S0002-S2002}
--------------

The NLR was defined by dividing neutrophil count by lymphocyte count. We used receiver operating characteristic (ROC) curve analysis to identify the optimal cut-off values for the preoperative eosinophils count and NLR. The cut-off values were 0.08×10^9^ for eosinophils and 1.70 for NLR \[sensitivity, speciﬁcity, and area under the curve (AUC): 59.6%, 59.2% and 0.629 for eosinophils; 70.9%, 61.4% and 0.666 for NLR, respectively\]; The ENS was then calculated as follows: patients with low eosinophils (\<0.08×10^9^) and high NLR (≥1.70) were given a score of 2 (two abnormalities) if either one parameter reached previously mentioned standards they were deﬁned as a score of 1 (one anomaly), and if no settings met the criteria they were deﬁned as a score of 0 (no defect).

Statistical Analysis {#S0002-S2003}
--------------------

The optimal cut-off values for eosinophil count and NLR were determined by receiver-operating characteristic (ROC) curve analysis. Unpaired *t*-test was used for comparison of the two groups. The correlation between ENS and WHO grade was analyzed by Spearman's rank correlation and Mann--Whitney rank-sum test. The relationship between the three ENS groups and other clinical variables of glioma patients was evaluated by the Chi-squared test. Categorical variables and continuous variables were shown as number and mean ± SD, respectively. Survival analyses were plotted using the Kaplan-Meier survival curve, and differences were evaluated by the Log rank test. The Cox regression model was used for performing the univariate and multivariate analyses of clinical variables to identify the independent prognostic factors. All reported *P* values were two-sided, and *P*\<0.05 was considered statistically signiﬁcant. The above statistical analyses were performed with SPSS software (version 22.0) and GraphPad Prism (version 8.0). The nomogram was designed using R software (Version 3.6.3). The concordance index (c-index) was used to quantify the predictive performance of the nomogram.

Results {#S0003}
=======

Patient Clinical Characteristics {#S0003-S2001}
--------------------------------

Of the 217 patients, 116 (53.5%) were male, and 101 (46.5%) were female, ranging from 8 to77 years old. Their mean age was 48±15.03 years. The tumor size was \<5cm in 114 (53.0%) patients and ≥5cm in 103 (47.0%) patients. 28.1% of patients had a KPS\<70 while 146 (71.9%) of patients had a KPS≥70. Sixty-four percent of the patients received postoperative treatment, including radiotherapy or chemotherapy. The mean pretreatment eosinophil, neutrophil, and lymphocyte counts were 0.09±0.07 ×10^9^/L, 3.95±2.02×10^9^/L, and 1.93±0.66×109/L, respectively. The mean pretreatment NLR was 2.34±1.98. Approximately 27.2% of patients had ENS 0, 42.4% had ENS 1 and 30.4% had ENS 2 ([Table 1](#T0001){ref-type="table"}).Table 1Characteristics of PatientsVariablesValuePercentage %Sex Male11653.5% Female10146.5%Age (y)48±15.03 \<5011553.0% ≥5010247.0%Tumor size (cm)4.57±1.38 \<511453.0% ≥510347.0%WHO Grade I + II12859.0% III + IV8941.0% KPS67.24±10.87 \<706128.1% ≥7014671.9%Radiotherapy/Chemotherapy Yes13864.0% No7936.0%Eosinophils (×10^9^)0.09±0.07NANeutrophil (×10^9^)3.95±2.02NALymphocyte (×10^9^)1.93±0.66NANLR2.34±1.98NAENS 05927.2% 19242.4% 26630.4%[^1]

Correlations Between ENS and Clinical Parameters {#S0003-S2002}
------------------------------------------------

The decrease in eosinophil count ([Figure 1A](#F0001){ref-type="fig"}) and increase in neutrophil count are more signiﬁcant ([Figure 1B](#F0001){ref-type="fig"}) in high-grade gliomas (WHO grade III+ IV) compared to low-grade gliomas (WHO grade I+ II). While we found no signiﬁcant association between lymphocyte count and WHO grade ([Figure 1C](#F0001){ref-type="fig"}). The correlation between ENS and glioma grade was further evaluated, showing that ENS was positively correlated with glioma grade (r=0.311, *P*\<0.001), and the high-grade group had higher ENS (*P*\<0.001) ([Figure 1D](#F0001){ref-type="fig"}).We also evaluated the association between ENS and other clinical parameters of patients with glioma, and we observed signiﬁcant differences among the ENS 0, 1, 2 groups in terms of tumor size (*P*=0.009), WHO grade (*P*=0.009) and KPS score (*P*=0.021). Nevertheless, no signiﬁcant differences were found in the distribution of gender, age, and adjuvant chemoradiotherapy ([Table 2](#T0002){ref-type="table"}).Table 2Association Between ENS and Clinicopathological Data of PatientsVariablesENS=0 (n=59)ENS=1 (n=92)ENS=2 (n=66)P valueSex Male34 (57.6%)43 (46.7%)39 (59.1%)0.232 Female25 (42.4%)49 (53.3%)27 (40.9%)Age (y) \<5035 (59.3%)49 (53.3%)31 (47.0%)0.384 ≥5024 (40.7%)43 (46.7%)35 (53.0%)Tumor size (cm) \<538 (64.4%)51 (55.4%)25 (37.9%)0.009 ≥521 (35.6%)41 (44.6%)41 (62.1%)WHO Grade I + II46 (78.0%)57 (62.0%)25 (37.9%)0.009 III + IV13 (22.0%)35 (38.0%)41 (62.1%)KPS \<7014 (23.7%)20 (21.7%)27 (40.9%)0.021 ≥7045 (76.3%)72 (78.3%)39 (59.1%)Radiotherapy/Chemotherapy Yes37 (62.7%)57 (62.0%)44 (66.7%)0.821 No22 (37.3%)35 (38.0%)22 (33.3%)[^2] Figure 1The correlations between eosinophil, neutrophil, lymphocyte count, ENS, and glioma grade. (**A**) The diversity of eosinophil count in different glioma grades. (**B**) The variety of neutrophil count in different glioma grades. (**C**) Distribution of lymphocyte count in low-grade and high-grade glioma patients. (**D**) Distribution of ENS in low and high-grade glioma patients.

Prognostic Factors {#S0003-S2003}
------------------

The age (HR=4.356; 95% CI=2.826--6.714; *P*\<0.001), tumor size (HR=1.748; 95% CI=1.181--2.588; *P*=0.05), WHO grade (HR=6.175; 95% CI=4.070--9.367; *P*\<0.001), KPS (HR=0.544; 95% CI=0.364--0.814; *P*=0.003) and ENS (*P*\<0.001) were closely associated with poor OS in the univariate analysis. In addition to this, multivariate analysis indicated that age (HR=4.296; 95% CI=2.748--6.716; *P*\<0.001), WHO grade (HR=5.951; 95% CI=3.694--9.588; *P*\<0.001), KPS (HR=0.436; 95% CI=0.281--0.675; *P*\<0.001) and ENS (*P*=0.047) were independent factors of OS, respectively ([Table 3](#T0003){ref-type="table"}).Table 3The Univariate and Multivariate Analysis of OS in Glioma PatientsVariablesUnivariate AnalysisMultivariate AnalysisHR (95% CI)PHR (95% CI)PSex MaleReference0.277Reference0.296 Female0.806 (0.546--1.190)0.804 (0.534--1.211)Age (y) \<50Reference\<0.001Reference\<0.001 ≥504.356 (2.826--6.714)4.296 (2.748--6.716)Tumor size (cm) \<5Reference0.005Reference0.702 ≥51.748 (1.181--2.588)0.922 (0.609--1.396)WHO Grade I + IIReference\<0.001Reference\<0.001 III + IV6.175 (4.070--9.367)5.951 (3.694--9.588)KPS \<70Reference0.003Reference\<0.001 ≥700.544 (0.364--0.814)0.436 (0.281--0.675)Radiotherapy/Chemotherapy YesReference0.994Reference0.885 No1.001 (0.669--1.499)1.031 (0.683--1.557)ENS Score=0Reference\<0.001Reference0.047 Score=11.902 (1.064--3.400)0.0301.572 (0.870--2.841)0.134 Score=23.843 (2.175--6.791)\<0.0012.152 (1.163--3.983)0.015[^3]

In order to eliminate the bias caused by WHO grade as much as possible, we analyzed the relationship between eosinophils, NLR, ENS and OS based on low-grade gliomas and high-grade gliomas. The OS probability analysis indicated that the three-year OS incidence for LGGs stratified into eosinophils count ≥0.08×10^9^/L and\<0.08×10^9^/L subgroups were 88.1% and 80.0%, respectively. These differences in OS were significant according to the Log rank test (*P*=0.043; [Figure 2A](#F0002){ref-type="fig"}), while there was no statistical significance in high-grade glioma patients (HGGs) ([Figure 2B](#F0002){ref-type="fig"}). The OS probability analysis manifested that the three-year OS incidence for LGGs divided into NLR\<1.70 and ≥1.70 subgroups were 91.5% and 75.8%, respectively (*P*=0.015; [Figure 2C](#F0002){ref-type="fig"}), and the three-year OS incidence for HGGs were 38.1% and 16.8%, respectively (*P*=0.026; [Figure 2D](#F0002){ref-type="fig"}). We also use Kaplan-Meier analysis to determine the survival differences among the three groups divided by ENS, the three-year OS rate in LGGs with ENS 2 were lower than those of patients with ENS=1 or 0 \[72.0% vs 83.3%, or 93.5%, *P*=0.014 ([Figure 2E](#F0002){ref-type="fig"})\], however there was no statistical significance in HGGs ([Figure 2F](#F0002){ref-type="fig"}).Figure 2Kaplan-Meier survival curves for OS (overall survival) according to preoperative (**A**) Eo (eosinophils), (**C**) NLR, (**E**) ENS in patients with low-grade glioma. Kaplan-Meier survival curves for OS according to preoperative (**B**) Eo (eosinophils), (**D**) NLR, (**F**) ENS in patients with high-grade glioma.

Nomogram for LGGs {#S0003-S2004}
-----------------

The prognostic nomogram for speculating individual 3-year and 5-year OS for LGGs is showed in [Figure 3A](#F0003){ref-type="fig"}. The c-index for the nomogram was 0.80 (95% CI, 0.785 to 0.855). The results indicated that the signature age contributed the most risk points (range, 0--100). Nevertheless, other clinical variables, including KPS score and ENS, exhibited smaller contributions. We also found that the calibration curve performed excellent agreement between prediction and observation in predicting 3-, and 5-year overall survival ([Figure 3B](#F0003){ref-type="fig"} and [C](#F0003){ref-type="fig"}).Figure 3Nomogram and calibration curve. (**A**) Nomogram for OS prediction of low-grade glioma patients. Drawing a vertical line from each factor to the point score. A total points score is calculated when adding the points from all elements, drawing a vertical line to its axis, the 3-year and 5-year OS probabilities could be known. (**B**) The calibration curve to predict 3-year OS. The gray line indicates the ideal prediction, and the black line represents the performance of the nomogram. (**C**) The calibration curve for 5-year OS prediction.

Discussion {#S0004}
==========

In our study, we combined eosinophil count and NLR, named ENS, as a forecasting tool. We found that decreased eosinophil count, higher NLR and rising ENS score before surgery were negative predictors of OS for low-grade glioma patients, which indicated that the ENS may be a significant indicator for LGGs. We also designed a nomogram that includes the ENS and other clinical parameters to improve prognosis prediction in patients of low-grade glioma. Eosinophil count and ENS score, however, had no prognostic value in HGGs. This may need further study for there were only 89 HGGs in our study.

Eosinophil, an innate immune cell, has been reported as a vital regulator of both atopic diseases and allergic reactions. Besides, it has close relations with many intricate immunoreactions, including tumorigenesis. However, the functions that eosinophils perform in tumorigenesis are still in dispute. There is no doubt, however, that eosinophils can inﬁltrate tumors and are associated with a favorable prognosis in most cases,[@CIT0018] such as nasopharyngeal cancer[@CIT0014] and oral squamous cell carcinoma.[@CIT0015] Interestingly, from the epidemiological perspective, glioma risk has consistently been inversely associated with the patients who suffer allergic diseases and asthma.[@CIT0019]--[@CIT0021] And they often have high-level eosinophils. This phenomenon shows that eosinophils may inhibit the progress of glioma growth. However, the mechanisms of interaction between eosinophils and tumor tissue remain elusive. A recent study shows that eosinophils cluster near and within tumor tissue.[@CIT0022] This phenomenon is called tumor-associated tissue eosinophilia (TATE), it often represents a favorable prognosis.[@CIT0018] A study by Simson et al[@CIT0023] shows that tumor incidence and growth is significantly suppressed in mice that have elevated levels of circulating eosinophils compared with those with low levels of circulating eosinophils. They also found that eosinophils directly kill methylcholanthrene (MCA)-induced fibrosarcoma cells in subsequent vitro studies. Although the mechanisms between eosinophils and tumor suppression are not entirely clear, numerous studies have proved that eosinophils affect prognosis in some malignancies. But we find no clinical research investigating the prognosis of glioma based on eosinophils. Our study demonstrates that LGGs with low preoperative eosinophil count had shorter OS than those with high preoperative eosinophil count. We also discovered the fact that the level of eosinophil count has a statistic difference between low- and high-grade glioma ([Figure 1A](#F0001){ref-type="fig"}), which is also in line with Huang et al.[@CIT0024] Therefore, preoperative eosinophils count can evaluate the prognosis of LGGs to some extent.

Recently, numerous studies have proved that inflammatory biomarkers play an important role in the prognosis of malignant tumors. Several prognostic biomarkers based on blood cells, relating to systemic inflammation responses, were created to predict patient outcome. These included neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), lymphocyte/macrophage ratio (LMR) and so on. Several pieces of research have proved that an elevated NLR indicates a poor prognosis in some solid tumors.[@CIT0011],[@CIT0025],[@CIT0026] Neutrophils have been proved to contribute to tumor angiogenesis, depletion of these neutrophils could therefore inhibit tumor growth.[@CIT0027] On the other hand, tumors infiltrated by numerous lymphocytes have been associated with excellent prognosis in several cancers.[@CIT0028],[@CIT0029] Like other solid tumors, NLR could be used as a prognostic tool to predict the prognosis of glioma.[@CIT0030] An increased peripheral blood neutrophil/lymphocyte ratio (NLR) is associated with poor prognosis in glioma.[@CIT0012],[@CIT0013],[@CIT0031] Our study demonstrated that elevated NLR was associated with poor OS in both low- and high-grade glioma patients. In line with Huang et al,[@CIT0024] we also found that a rising trend of neutrophil counts between low-grade glioma and high-grade glioma ([Figure 1B](#F0001){ref-type="fig"}).

We developed a new prognostic score; ENS, which combines eosinophil count and NLR. It is the first time establishing a scoring tool to evaluate the prognosis of glioma patients based on eosinophils. The novel ENS has significant prognostic potential for LGGs. However, it's worth noting that despite the whole scoring system had a *P*-value of \<0.05, ENS=1 was not statistically signiﬁcant ([Table 3](#T0003){ref-type="table"}). This probably because we used ENS=0 as the reference or the prognostic difference between ENS=0 and 1 was not signiﬁcant enough. The correlation between ENS and glioma grade was also further evaluated, indicating that ENS was positively correlated with glioma grade. In the subgroup of high-grade gliomas (WHO grade III + IV), the ENS was signiﬁcantly higher than those with low-grade (WHO grade I + II) gliomas. The ENS may, therefore, be an auxiliary tool to predict the degree of glioma in the future, as it can easily be obtained by routine blood examination.

Nomograms are widely used to determine the prognosis of tumors, mainly because of their ability to generate a personal probability of a clinical event by incorporating diverse determinant variables.[@CIT0032],[@CIT0033] They can be tools to predict patient prognosis in addition to WHO grade, which is the current gold standard. They have been used in several malignant tumors as adjuncts in prognostic determination.[@CIT0034],[@CIT0035] In our predictive nomogram, variables such as age and KPS have also been proved to be associated with long-term survival in other studies.[@CIT0036],[@CIT0037] Besides, the current nomogram first incorporates ENS, which has been verified as an independent factor assessing prognosis in our study. The c-index for the nomogram was 0.80, and the calibration curve performed perfect agreement between prediction and observation in predicting 3-, and 5-year overall survival.

Our current study has several limitations. First, this study may introduce selection bias due to its retrospective and single-center nature. Thus a prospective, large-sample and multi-center research is needed. Second, the cut-off values for eosinophil count and NLR were 0.08 and 1.70 for this specific study population. However, when reviewing the literature, these biomarkers have different cut-off values based on cancer type and study group.[@CIT0024],[@CIT0035],[@CIT0038] Thus it is hard to create standardized cut-offs that can be used around the world, even within a single tumor type. Third, biomarkers such as IDH status, MGMT or other genetic indicators were not included in our study owing to the immunohistochemical analysis results and frozen specimens were incomplete in several early cases. Finally, though the nomogram internally validated was perfect, external validation is necessary to affirm whether our findings are universally applicable.

Conclusion {#S0005}
==========

The new scoring tool ENS, can potentially be a new preoperative assessment tool to predict the grade of glioma patients. It's also a prognostic assessment tool for LGGs.

A nomogram was established by combining the ENS and other clinical variables. This nomogram might provide more individual and accurate prognostic information for clinicians and low-grade glioma patients.
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